ABSTRACT Preliminary clinical and laboratory observations suggest that nifedipine might prevent progression of threatened myocardial infarction by reversing coronary spasm or 57 [75% for nifedipine-treated patients). Furthermore, infarct size index was similar among placebo-and nifedipine-treated patients (16.9 + 1.5 MB-CK-geq/m ,n 65, and 17.0 ± 1l.5 MB-CK-geq/m', n = 68, respectively) with threatened myocardial infarction who exhibited infarction and for those with acute myocardial infarction. Among the 171 eligible patients randomly assigned to drug or placebo, 6 month mortality did not differ significantly (8.5% for placebo vs 10. 1 % for nifedipine, NS), but mortality in the 2 weeks after randomization was significantly higher for nifedipine-treated patients (0% for placebo compared with 7.9% for nifedipine, p = .0 18). There were no significant differences in 2 week and 6 month mortalities in the group of all participating patients, which included 10 patients randomly assigned therapy but retrospectively determined to be ineligible. Two week mortality for this group (n = 181) was 2.3% for placebo-and 7.5% for nifedipine-treated patients and 6 month mortality was 11.4% for placebo-and 10.8% for nifedipine-treated patients. Thus, nifedipine therapy did not prevent progression of threatened myocardial infarction to the acute event or limit infarct size in patients who experienced infarction. There was a statistically significant increase in 2 week mortality with nifedipine in the group of eligible patients randomly assigned to a regimen, but mortality was balanced when results were analyzed for all patients taking part in the randomization protocol.
reverse the coronary spasm that is thought, in some cases, to initiate myocardial infarction. In addition, calcium blockers may limit the quantity of ischemic myocardium that eventually becomes necrotic whether or not flow is increased via the compromised vessel of supply. This beneficial effect may result from a decrease in oxygen demand through reduction of afterload, 8 an increase in oxygen supply through improved coronary collateral flow,8 9 and/or metabolic benefits in cells exposed to a given ischemic insult. 8 10. 11 Accordingly, in 1979 we initiated a trial of nifedipine for patients with threatened myocardial infarction (TMI) and AMI. The purpose of the trial was to determine if nifedipine therapy could prevent progression of TMI and/or limit necrosis in patients with infarction.
THERAPY AND PREVENTION-cORONARY ARTERY DISEASE Methods
The trial involved investigators from six medical institutions.* Patients were considered to have TMI if they had prolonged pain due to ischemia but no enzymatic or electrocardiographic (ECG) evidence of infarction. The primary end points in this group were progression to and extent of infarction, as determined by analysis of plasma MB-creatine kinase (CK) values. Patients were considered to have had an AMI if they had prolonged ischemic pain and either enzymatic or ECG evidence of necrosis at the time of randomization. The primary end point in this group was infarct size, which was determined enzymatically.
Selection of patients. Patients were screened for entry into the study if they had one or more episodes of chest pain greater than 45 min duration thought by the investigator to originate from myocardial ischemia. Patients were then identified who met both of the following inclusion criteria:
( hr, then every 24 hr until 14 days after randomization or until hospital discharge if that was in less than 14 days. Infarct size index (ISI) was calculated by the MB-CK method. 12 Twelve-lead ECGs were obtained daily for the first 3 days after randomization and then every other day until the fourteenth day or discharge from the hospital if earlier than 14 days. Sites on the chest wall for placement of the precordial ECG leads were delineated with indelible ink to ensure comparability of recordings. Myocardial necrosis was assessed by analysis of loss of R wave voltage.13 The R wave voltage at sites with ¢ 0. 15 mV ST segment elevation was measured at randomization and 72 hr later. R wave loss was expressed as a reduction in voltage from randomization to 72 hr later.
Pertinent information on the present illness, past medical history, and physical examination and routine laboratory study results were entered on standardized forms. Each patient had a 12-lead ECG recorded and was evaluated 14 days after randomization. A health status check was made by telephone 6 months after randomization.
For TMI patients the primary end point was the occurrence of myocardial infarction during the 24 hr after randomization, which was determined by ECG and plasma CK findings. For TMI patients who progressed to infarction, a secondary end point was infarct size estimated enzymatically (CK and MB-CK) and by ECG (R wave loss) criteria. For AMI patients infarct size was the primary end point. Secondary end points for both studies were mortality within 14 days and within 6 months after randomization and apparent side effects of therapy. Organization of the study. A common protocol was developed by the investigators from the participating institutions listed on p. 739. Core laboratories were established for analysis of CK and ECG data. An external policy board reviewed the data at yearly intervals. Investigators were blinded to results of the study, which were maintained by a data coordinating center.
Statistical methods. Student's t test'4 was used to compare the patients' baseline characteristics that had underlying continuous distributions such as ISI and R wave loss. For ISI a logarithmic transformation was used to normalize the distribution. The Kolmogorov-Smirnov test'" was used to compare overall distributions of ISI in placebo-and nifedipine-treated groups. The Yates corrected chi-square test and Fisher's exact test were used to compare treatment groups for baseline characteristics that were discrete, including incidence of myocardial infarction within 24 hr, incidence of untoward effects, and mortality. Mortality was compared after stratification of patients by age with the use of a small-sample version of the Mantel-Haenszel test. 16 The variability around mean values was expressed as +SE.
Results
Study population. Of the 9994 patients admitted to the four coronary care units during the study, 3143 had pain characteristic of TMI or AMI and were screened for eligibility. As indicated in table 1, application of inclusion criteria identified 633 potentially eligible patients. After application of the exclusion criteria 243 eligible patients remained (table 1) . One hundred eighty-one of these 243 eligible patients were randomly assigned to a regimen (110 TMI, 71 AMI). The reasons that 62 randomizable patients did not participate were lack of consent by the treating physician (26 patients), lack of consent by the patient (27 patients), and lack of notification or unavailability of the investi-742 gator (nine patients). The TMI protocol was initiated 6 months before initiation of the AMI protocol. During this interval five of the 19 patients randomized to the TMI protocol were found by the CK core laboratory to have sustained an AMI at the time of randomization; these five patients were therefore considered ineligible and excluded from the primary analysis. Five of the 71 AMI patients were excluded from primary analysis because they were found by the ECG core laboratory not to have met ECG criteria at the time of randomization. Thus, the total eligible study population participating in randomization consisted of 171 patients (105 TMI, 66 AMI). The results of the study, with the exception of those for 2 week mortality, were not altered by the outcomes in the 10 ineligible patients who were randomly assigned to treatment or placebo. Therefore, the results that follow, other than mortality, are presented only for the eligible patients that participated; mortality results are presented both including and excluding data from the 10 ineligible patients.
Adherence to protocol and untoward effects. Although there were no statistically significant differences in baseline parameters in the placebo-compared with nifedipine-treated group, age greater than 60 years, a variable associated with poor prognosis, applied to 47% of patients in the nifedipine group and to 38% of patients in the placebo group (NS; table 2). The mean age was 56.7 + 1.2 years for placebo-treated and 58.0 ± 1.2 years for nifedipine-treated patients (NS).
There were no statistically significant differences in the frequency of development of hypotension, headache, nausea, or vomiting between placebo and nifedipine groups (table 3) . The frequency of hypotension (systolic arterial pressure < 85 mm Hg) severe enough to cause discontinuation of experimental therapy was almost identical in the control group (15%) and the nifedipine-treated patients (16%) (p = NS); it was classified by blinded observers as a severe side effect in four placebo-and six nifedipine-treated patients. Regimens required alteration because of headache refractory to acetaminophen in one (1 %) placebo-treated and one (1%) nifedipine-treated patient. Unblinding for clinical reasons before 14 days of therapy was necessary in two (2%) patients in the placebo and two (2%) in the nifedipine group.
Heart rates before randomization determined from the ECGs analyzed in the core laboratory were not significantly different in the placebo-and nifedipinetreated patients (76.9 + 2.2 beats/min, n = 81, and 77.1 + 1.7 beats/min n = 89). On the second day after randomization heart rate increased by 4.7 + 2.5 beats/min (n = 77) in the placebo-treated group and by Size of myocardial infarction. There was no significant difference in the extent of infarction as judged from MB-CK release curves in control and nifedipine-treated patients and there was no significant difference in ISI among the eligible patients participating in randomization who developed an infarction (16.9 ± 1.5 MB-CK-geq/m2, n = 65 for control patients and 17.0 + 1.5 MB-CK-geq/m2, n = 68 for nifedipine-treated patients, p = NS). In addition, ISI was computed for all eligible patients randomly assigned to nifedipine or placebo, with an ISI of zero assigned to those patients in the TMI protocol who did not develop an infarction. When expressed in this manner, ISI averaged 14.3 ± 1.4 MB-CK-geq/m2 in control and 14.1 ± 1.4 MB-CK-geq/m2 in nifedipine-treated patients (p = NS). There were also no significant differences between treatment groups for TMI patients who exhibited infarction (13.9 ± 1.5 MB-CK-geq/m2, n = 36 for placebo and 14.6 + 2.0 MB-CK-geq/m2, n = 43 in nifedipine-treated patients, p = NS) and for AMI patients considered separately (20.7 ± 2.7 MB-CK-geq/ m2,n = 29 for placebo and 21.2 ± 2.2 MB-CK-geq/ m2, n = 25 for nifedipine-treated patients, p = NS). The distribution of ISI was similar for the two groups.
Kinetics of MB-CK release were comparable in the two groups. The time from onset of pain to peak plasma MB-CK was 19.7 + 0.7 hr for the control group (n = 61) and 20.6 ± 0.8 for the nifedipine-treated group (n = 69, p = NS).
The percentage reduction of infarct size that could have been detected by this study was calculated with respect to the mean log of MB-CK ISI and its standard Of the other three deaths, one was associated with a cerebrovascular accident followed by presumed left ventricular rupture, another with cardiac arrest in the setting of presumed aspiration pneumonia, and another with complete heart block after the patient refused to allow insertion of a pacemaker for newly acquired right bundle branch block. Six of the seven patients who died were more than 60 years old. The significance of the mortality difference was reduced from p = .018 to p = .030 when results were adjusted for the larger number of older patients in the nifedipine-treated group. In the 62 eligible patients who were not randomly assigned to drug or placebo because of lack of consent or availability of the investigator and who did not receive nifedipine, the 2 week mortality was three of 62 (4.8%).
Mortality in the 171 eligible patients participating in the study did not include outcomes in 10 patients who were randomly assigned to drug or placebo but who were retrospectively determined to have been ineligible for the study (five patients in the TMI study were later found to have had a CK elevation at the time of randomization and five patients in the AMI study were found not to have met ECG criteria, as determined by the ECG core laboratory). Two week mortality among all study patients (171 eligible patients undergoing randomization plus 10 ineligible patients undergoing randomization) was two of 88 (2.3%) in the placebotreated group and seven of 93 (7.5%) in the nifedipinetreated group (p = .19, NS). Six month mortality among all patients was 10 of 88 (11 .4%) in the placebo-treated group and 10 of 93 (10.8%) in the nifedipine-treated group (NS).
Discussion
The results indicate that nifedipine did not reduce the likelihood of progression from TMI to AMI. In addition, nifedipine did not limit infarct size in those patients with TMI in whom infarction evolved or in patients in whom infarction was already in progress at the time of randomization. Mortality among all 181 patients (including the 10 patients later determined to be ineligible) was not significantly different for either the 2 week or 6 month interval, although there was a statistically significant excess in 2 week (but not 6 month) mortality in the nifedipine-treated group among the 171 eligible patients participating in randomization.
The effect of the intervention on infarct size was assessed from serial plasma MB-CK values. The method used provides results that correlate well with anatomic infarct size measured at autopsy in patients who die with myocardial infarction. 17 Although reperfusion can alter plasma CK values,"8 there was no evidence that the incidence of reperfusion differed in placebo- ANot identical to placebo group.
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CIRtCULATION compared with in nifedipine-treated patients. The incidence of infarction was the same in the TMI placebo-and nifedipine-treated groups; furthermore, nifedipine-treated patients with infarction evaluated according to the TMI and AMI protocols did not exhibit earlier peak CK values as compared with controls. The possibility that calcium-channel blockers might prevent progression of TMI through reversal of coronary spasm is based on the observations by Maseri et al. 6 indicating that spasm may lead to infarction in certain patients. Early evidence that such spasm may be reversible was provided by Oliva and Breckinbridge,5 who found that intracoronary administration of nitroglycerin to patients with AMI led to reperfusion in six of 15 patients. More recent attempts to achieve coronary reperfusion with vasodilators in larger series of patients undergoing coronary angiography for intracoronary thrombolytic therapy have not demonstrated such high rates of reperfusion. 9 The failure of orally administered nifedipine to prevent progression of TMI to AMI or to alter the time to occurrence of peak CK values in this study suggests that coronary blood flow was not reestablished. Even if potentially reversible spasm is an initiating process in many cases of myocardial infarction, it is likely that obstruction can no longer be reversed once fixed thrombosis supervenes.'
Several observations do, however, suggest that even in the presence of a fixed complete occlusion a calcium-channel blocker may have a beneficial effect on infarct size. Reduction of infarct size in dogs with experimental myocardial infarction by nifedipine has been demonstrated by Henry et al. 8 with FR-7534 alone, but 33.5% when phenylephrine was added to maintain systemic arterial pressure. Investigators who found no beneficial effects of diltiazem in the pig27 or of nifedipine in baboons28 stressed the lack of coronary collateral vessels in these animals as the probable cause for absence of an effect. Experience with other drugs known to limit infarct size indicates that only small amounts of myocardium can be salvaged in animals if the intervention is given more than 4 hr after coronary artery occlusion. [29] [30] [31] [32] [33] [34] Although the hemodynamic effects of nifedipine in patients with chronic ischemic heart disease have been well described,35-37 the actions of this drug in patients with AMI have not been studied as extensively. Jaffe et al.38 studied 17 patients with AMI given nifedipine a mean of 8.7 hr after onset of pain. The hemodynamic findings were similar to those observed in patients with chronic ischemic heart disease, with a reduction in systemic vascular resistance and an elevation in cardiac index. Other investigators have also found that nifedipine reduced arterial pressure in patients with AMI. [39] [40] [41] There is little information available comparing the efficacy of nifedipine, or other calcium channelblocking drugs, with placebo in randomly selected patients with AMI compared with controls. In a randomized study of verapamil in a relatively small number of patients there were four reinfarctions among 33 control group patients compared with none among 28 verapamil-treated patients by the time of hospital discharge, although infarct size and total mortality were not significantly different. 42 The primary cause of the lack of a beneficial effect in our study may have been the unavoidable delay of 4.6 + 0.1 hr between the onset of chest pain and initiation of therapy with nifedipine. Previously cited results of studies in experimental animals29 34 indicate that it is not possible to salvage significant quantities of myocardium when an intervention is initiated more than 4 hr after occlusion. This conclusion has been supported recently by results of clinical studies. Khaja et al. 43 found that reperfusion induced by streptokinase a mean 5.4 hr after onset of pain did not lead to salvage of functional myocardium. However, Anderson et al. 4 observed improvement in ejection fraction and regional wall motion in patients treated with streptokinase a mean of 4.0 hr after onset of pain. In our study the subgroup of patients treated less than 4 hr after the onset of pain was too small to provide adequate statistical power for detection of a modest beneficial effect of nifedipine even if it had been present.
Other possible explanations for the failure of nifedipine to abort infarction or limit infarct size may be inferred from results cited previously from studies in experimental animals. 9' 20. 23, 27, 28 The reason for the lack of beneficial effect may have been the absence of collateral flow in some patients; under such conditions nifedipine could not increase flow in the ischemic area. In other patients the detrimental effects of the reduction in coronary blood flow caused by nifedipine-induced hypotension may have outweighed the beneficial effects of a decrease in afterload produced by the drug.
The excess mortality in the nifedipine-treated patients during the 2 weeks after randomization among eligible patients is difficult to interpret. The probability that such a distribution of deaths could occur by chance is 0.018 if the treatments had an equal effect on mortality and if only one mortality interval were examined. The probability rises to 0.030 if the differences in the distribution of age in the two groups is taken into account, and the probability rises to 0. 19 when results are analyzed in the group of all participating patients, which includes 10 patients inappropriately included in the randomization protocol.
A potential mechanism by which nifedipine may have been harmful is that of peripheral vasodilatation leading to hypotension and reduced coronary perfusion. However, systemic arterial hypotension severe enough to evoke discontinuation of treatment (< 85 mm Hg) was not significantly more frequent in either treatment group and only two of the seven nifedipinetreated patients who died were among the 14 in whom such hypotension occurred. If nifedipine increased mortality by decreasing systemic arterial pressure, the deleterious effects of hypotension would be expected to have increased infarct size in a substantial number of 746 patients -an effect that was not observed. It is possible that the four patients in the nifedipine-treated group who developed cardiogenic shock could have been affected adversely by relatively small reductions in systemic vascular resistance, but such a mechanism could not account for the other three deaths.
The interpretation of the excess deaths in the nifedipine-treated group is complicated by the lack of deaths within 2 weeks among the 82 patients with infarction who received placebo, an unexpected finding. Among the 62 patients eligible for this study who did not participate because of lack of consent (and who did not receive nifedipine) there were three deaths (4.8%) during the 2 week period after screening. In other studies of AMI with patients similar to those entered into this study, the early mortality in control patients ranged from 4% to 12%.42-41`A lthough 2 week mortality in our investigation differed in the placebo-and nifedipine-treated groups, 6 month mortality did not. Finally, interpretation is limited by the small numbers of deaths in the entire study, which was not designed to be large enough to determine the effect of nifedipine therapy on mortality during AMI. Nevertheless, the suggestion of a higher early mortality combined with the absence of a statistically significant beneficial effect of nifedipine on infarct size or the incidence of the development of AMI in the patients with TMI suggests that the drug should not be used routinely in patients with TMI or AMI in whom treatment cannot be implemented early (within approximately 5 hr) after the apparent onset of the infarction.
